Lymphatic vessels play a central role in adaptive immune responses by providing a highway for immune cells and foreign antigens to move from tissues to secondary lymphoid organs, where primary immune responses are initiated (1). In this classic model, lymphatics are positive immune regulators required for initiation of a primary immune response. Thus, the predicted role of lymphatic vessels in the transplanted organ would be to facilitate immune rejection. Indeed, this prediction is supported by studies of corneal transplants, which show that inhibition of lymphangiogenesis improves graft survival (2) . In this issue, Cui et al. test the role of lymphatic vessels in the transplanted mouse lung and find the opposite to be true: lymphatic vessels protect the transplanted lung from rejection (3) . This provocative study by Cui and colleagues should stimulate a reevaluation of the role of lymphatics in the immune rejection of transplanted organs as well as the mechanism underlying this role.
Cui et al. used an elegant, and technically formidable, mouse model to examine the role of lymphatics during allogeneic lung transplantation (3). Murine lung transplantation was performed in a manner similar to that used in humans, such that the transplanted lung was attached by connecting the main airways and blood vessels but not the draining lymphatics. Prior studies in animal models have suggested that at least a week is required to reestablish lymphatic drainage of the transplanted lung; however, the mechanism and vascular architecture of these donor-recipient lymphatic connections are unknown (4). Cui et al. compared lung transplants between isogeneic (genetically matched) and allogeneic (genetically mismatched) mice and revealed a reduction in lymphatic vessel density in the rejected allografts compared with the healthy isografts 30 days after transplantation. The authors systemically administered VEGF-C, a potent lymphangiogenic factor, to test whether increasing lymphatics could reduce allograft rejection. VEGF-C treatment not only successfully increased lymphatic vessel density, but also reduced inflammation and improved lung function in the allografted lung. Why would increased lymphatic function slow rather than accelerate lung rejection? Cui and colleagues propose a novel mechanism that is unconnected to the classic role of lymphatics in the cellular immune response. Lymphatic endothelial cells (LECs) express high levels of LYVE-1, a receptor for hyaluronic acid (HA). Previous studies have linked high levels of HA to severe, chronic forms of lung rejection such as bronchiolitis obliterans (5), but whether HA is a cause or merely a marker of worsening lung inflammation has not been clear. Cui et al. demonstrated that blocking the interaction of LYVE-1 and HA with anti-LYVE-specific antibodies reversed the VEGF-C-mediated improvement in allograft rejection, despite an increase in the density of lymphatic vessels ( Figure 1 ). Furthermore, increased HA levels correlated with human lung transplant rejection, suggesting that these may be translatable findings.
As formation of lymphatic vessels has been thought to facilitate graft rejection, the finding that lymphatic function may tip the balance toward increased protection and away from acute rejection and damage after lung transplantation is unexpected. Perhaps it is not surprising that lymphatic vascularization of an avascular organ such as the cornea would increase immune responsiveness; however, testing the role of lymphatic function in larger organ transplantation has been more challenging. Almost a half century ago, classic studies addressed this question using a guinea pig skin transplant model in which the recipient skin was physically separated from the body except for a vascular pedicle that maintained blood but not lymphatic flow (6) . In contrast to the present report by Cui et al., the studies in the skin transplant model strongly demonstrated that lymphatics contribute to the establishment of tissue rejection. Why these dif- such as through microsurgical techniques at the time of transplantation to reconnect collecting lymphatic vessels. A second explanation may be that acute rejection of transplanted lungs, unlike skin or hearts, can be initiated in situ and not require coordination by secondary lymphoid organs (7) . Future studies in both animal models and human transplantation are needed to better understand the early and late roles of lymphatic function in organ rejection in general, and in the lung in particular.
Prevention of rejection through an unanticipated lymphatic function
A second unexpected finding in the study by Cui et Human lung allografts with acute rejection exhibit an increased, not decreased, density of lymphatic vessels at 14 days (13) . Additionally, an increase in lymphoid tissue has been seen in bronchiolitis obliterans syndrome, the chronic form of lung rejection (14) . 
Conclusions and future directions
Do these studies identify new approaches for treating human lung transplant patients? It is noteworthy that Cui and colleagues were able to functionally evaluate the effect of increasing lymphatic density by systemically injecting murine transplant recipients with VEGF-C, an approach that might not have been predicted to impact distant lymphatic function in the lung. These experiments show that VEGF-C functions, at least in part, by preventing LEC apoptosis, a mechanism that explains the ability of this lymphangiogenic factor to affect distant lymphatics following systemic delivery. Previous studies aimed at modeling VEGF-C therapies have been primarily directed at the growth of new lymphatics, such as after lymph node resection that is performed for the treatment of breast cancer (11) . In this context, VEGF-C treatment has not been wildly successful, most likely because lymphatic vessel growth is regulated by complex molecular mechanisms that control VEGF-C localization and activity as well as by other molecular pathways required to build new lymphatic vessels (12) . The use of systemic VEGF-C therapy to simply prevent LEC apoptosis may be a more practical therapeutic strategy for maintaining lymphatic function. Nevertheless, differences between the mouse model used by Cui et al. and human lung transplants need to be more fully addressed to assess the potential translational impact of these studies.
